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NATIONAL ADVISORY COMMITTEE ¥OBR AEBRONAUTICS

ADVALCE RESTRICTED REPORT

PRELIMINARY TANK TESTS WITH PLANING-TAIL SEAPLANE EULLS

By Jobn R. Dawgon and Kenneth L. Wadlin
SUMMARY -

Preliminary tests have been made with simplified
models of two tynes of hullg that differ considerably
from counventiounel types. In both of the new tyves there
is a single main planing surface thet 1s combined wilth
aftor-plaring surfaces Dlaced directly below the aerody-
naniec tail surfaces. One typo has twia-teil extenslons
gupporting the planing surfaces and the other has a
slongle~tail exlension.

The type of hull that has twin tails c=n be arrenged
in such a manner tiaat tiae 8ir drag protadly could du made
lower than that of the sequivalent corveailonal hull, al-
though at the expencse of inecrcas9d weteor resglstence. Tho
structural protlems inherent in tho arrangement may,
however, be prohibitilve.

The type of hull that has a singlo w21l is found to
give lower registance than conventional hulls and hes
desirable trim characteristies. Iadicatious are that the
stability characteristics would be satiafactory.

Hulles with planing tails, however, have high trimg
at rest, have less rvom for useful 1cad aft of the center
of gravity than conventional hulls, end introduce restriec-
tionas on the types of tall surfaces that may ve used.

INTRODUCTION

Existling types of seaplane floats and kulls are
Probably capable of being developed to a much higher de-
&ree of efficiency than has yet been achieved. It is
possible, however, that other types can be made to meet
some of the current requirements c¢f eircreft more effec-
tively than do the conventional types of floats and hulis.
For some time the WACA has been engaged in research on



hydrofoils and their applications to seaplane hulls.
Arrangenents of plening surfacos other than those usually
uged may rlgo bs found to have merit. 'Two such gystemsg.
ar> congidered hereiu and the results of some preliminary
teats thrt weroe mado &t ¥ACA tank no. 2 in Narch 1943

ere glven.

ARRALGEMENTS CONSIDERED

A geaplano hull that gupperted its loed primarily dy
displecement of the water througkout the teske~off run
would have far too much rsgistznce to be practicable. The
weight of the sosplAue must then be supvorted largely ty
dynanic 1lift from the weter in ~ll Dt the low-gpeed part
of tihe take-off run. If tlLig 1lift 1s obtained vy planing
gurfaceg, 2 miniium of two surfoces (one running aft of
the other) is required in ordsr to get satisfactory trims.
Lateral gtability can be obtained by makiag one of thes
planing surfeces sufficiently wilcde, or by adding another
gurface, displacod laterally. TFour planing suvrfacas rRre
uvsually used.

In a fiying-boat bhull or a single~-float gaaplane,
the planing surfaces are the forcbody, the aftervody, snd
either gide floats cr astub~wing stabilizera. Twin-flosat
ard twin-iull sesplanss each has fonr planing surfaces,
tke forebodies and afferbodies of each of itl.e two hulils.
Early float seavienesg had a total of three plezning sur-
faceg or gtenless floats, two mair floats And a tall float
thet were uscd in an arrangcment slmllar to the arrange-
mont of the lendiung gear of a landnlane.

Other arrangements of planing surfaces csn be made
to perform all tne functionsg of the usual flost system,
but the effectiveness of such slternates will largely de-
vend on how the surfaces aro lncorporated into the sea-
plane.

The errangement ghown ip figure 1 has a total of
three planing surfaces provided on the bottoms of the
main hull and the two side fuselages. It 14 apvarent
that a large amount of spray throwr by the main plaring
gurface will strike the side fuselagea and cauge some in-
crease in registance. The torsloznal load applied %to the
wings by the tail planing gurfaces is undesirable from a
gtructural standpoint and if these planirg ourfaces are



spread far enough to provide adequate lateral stadility,
the gtructure that will be required by the center section
of the wing may be too heavy to be practicable. There
at1ll may be some merit in the arrangement even 1f side
floats or stub-wing stabilisers are required to give ad-
ditional latersl ptabllity, especially because such an
arrangement offers gome posaibllity of reducing the ailr
drag of a seaplane.

One limitetion in the reduction of the air drag of
a seaplane has been the necessity for keeping the propel-
lers clear of upray. Thig necessity has caused hullsg to
be buillt deeper than would be needed for other reguire-
mentg. The larger the geeplane the less serious thils
limitation becomes vPecaunse the dlameters of propellers
do not 1lucrease in direct ratlo to tke size of the craft
and, for equal opoercting conditicngs, helghts of waves do
not increase at all, The arrangement sghown 1n figure 1
includes a ratlier radicnl schume for minimiging this
difficulty. The propellors are located forward of the
bow whare there ¥lll be almost no spray from the main
huli and, hecause thig configuretinn can bu made so that
tha trim will be reasonably higk throughout take~offs
and landings as well as at rest, tiie nromellers willl be
cloar of the water even thouzn the wing 1s close to the
water. This locatlor of the propellers adde more torslon-
al loadsg to the wing end 1t would almost certalnly be
necegsary to drive the propellers throush long shaftsg
from engires located aft. 4As a matter of fact, inasmuch
ag difficulty would undoubtedly be experlenced in geottlng
the center of gravity far enough back in the corfigura-
tlon shown, placing the englnes as far aft as feaslble
would be deslrabdle.

A somewhat less radical arrangement is showan 1an fig-
ure 2. In thig scheme two planing surfaces are provided
on a gingle hull. This arrangement resembles a conven-
tional hull witk the planing vart of the afterbody removed.
The after planing surface ls supplled by properly shaping
the bottom of the teil extenslon. The tralllng edge of
the forebody is shown pointed in plan form because of
aerndynamnic conslderations, although hydrodynamically this
pointed plan form is not necessary. 1In thls case the tail
planing surface would have to ride 1in the wake of the
forebody and the effectiveness of the planing surface
would depend on its belng properly located wilth respect
to the high roack that normally follows a forebody.




It might be posesible to ellminate the planing sur-
faces on the tailg in either of the schemesg proposed by
gubsgtituting a hydrofoill somswhat in the mannor shown in
figure 2. Hydrofoils in general lead to serlous st=bility
provlems and 1t ig difficult to Jjudge Just how practicable
thoy would bte if ueed in tkis manner. Anparently, it
would be feagible to retract these hydrofoils ULecause they
would carry a relatively smali portion of the total load
on the huli aund would therefore te rcasonatly gmall. Re-
tractlng these hydrofoills during take-off would probadbly
be dosirable becauges their 1ift wonlid not be ncsded in
the high-apeed portiosn of the trke-off run and theilr re-
tractlon vould lucrerse bthe range of stable trims that
would bes available. Taill bydrofolls might comceivably de
made controllavle, in which case thoey wonld act as water
elevators to provide trim costrol.

Float systvems slmlilar to tiose described may have
teeu actuzlly usged in the varly days of svistion, but in
any cese an examination of them in the lighkt of present-
day requlrements of seaplanes seemsg deslirabdle.

TESTING PROCEDURE

The .experirental work that Tas done wes very prelim-
inary 1a rature becaunsge of the limited time avnilaole for
testing. The tests were irntended »nrimarily to erainlne
tho feasiblility of the arrangements pguggested and to get
enongkh date to permit tke leying out of a more compreken-
sive test program. Fo tests were maae with h;-drofoils.

The lires of the models thet wure tegted are ghown
in figures 3 to 5. Thess rcodals were esscmbled from parts
of other nodels that wers availeble and thk:e glmnle forms
uged gavoe rather crude representations of the arrangements
of figures 1 and 2.

All the testg were made at congtant speeds. The load
on the models was applled by desd welghts 1n accordance
with the loadlag curve given 1a flzure 6, except with two
of the forebodieg for which additional tests were made for
other loading conditions in order to evaluate the loads
carried by tkhom.

Free~to~trim snd fixed—-trin tegts were made; trim,
trimming moment, drafi, anc registance were msasured in
accordance witn gtandard prectice at the WACA taunks.




Tosts were made with one of the modelg to determine
critical trimg for longltudinal eteblillity and these tests
were made by the method described ir reference 1. The
tail gurface used in the tedts 0f referente 1 wds &lsgo
uged for the tegts reported herein.

RESULTS AXD DISCUSSION

Investigation of Twin Planing Tails

The arrangement ghown in figure 3 (designated model
150C~1) wes assembled from two modeles of gide floats com~
bined with a model of an existing body. BRBecause the
after planing surfaces were surplied by floats that were
relatively short compared to the length available from
aide fuselages, they did not provide a %true representestion
of the tell pleaunlng surfaces at low gpeads wwhere the bows
of the slde floats could be stiruck head-on by heavy water.

Tals model was tested free to trim but the data ob-
talned were affected gso much by the dissirilarity vetween
the model and the schems of figure 1 that it 1g believud
thelr presentation here would be more confusing than help-
fal. Tho rasistancoe rose to an extremely high peak before
the normal hump speel was reached, because of the manner
in 7hich the bows of thu side floats dug into theo water -

a peak thet would aot bPe expected had the side planing sur-
faces beer a vart of m continuous fusslage running very far
forward. At the normal hump gpeed the glde Ffloats provided
a pufficient crea of planing surface to permit thair bows

to rise clear of the water'!s surface. Tkroughout the whole
speed range the reglistance was higher than would be ob-
tained from a coaventlonel hull and, although thig was
largely cauged by the ghort length of the gide floats, there
were 1ndlcationg that 1n general this type of kull would
have higher than normal resiatance.

Invegtigatlon of 8ingle-Planing Tail

¥Model 180D-2.~ An gpproximatlion of the scheme shown in
figure 2 wag made by asgembling with the forebody of model
160C~1 a long V-bottom box to form model 180D-2, as shown
in flgure 4. Tests were firet made with the tall 3 inches
lower thar shown in the figure, but the trimag obtained
were too small and the model was altered to the configura-
tlon ghown. The results from the tests with thig model




are showvn 1n flgure 7 where the free-to-trim resiatance
is compared -with the minimum resigtance of the hull of a
conventionsl flying boet (designated hull A) that 1s rem-
regentative of current desgign. The resistances ars com-
pered on a bagls of equal beams for both bkulls; that 1ig,
at the game load coefficlents.

The uigher regsietance obtained from model 160D-2
wag belleved to be lergely das to the fact that it ned a
less 6efficlent forevody. The forebody wasg therefore test-
ed witkout the mftertody at two loadlng conditiors =snd,
by a comparison of the drafta, tke load thsat the forebody
was carrring during the tests of the comnlete model wes
esbtlmated. That vortica of tne resistance thnat wes con-
tributed by the foretody was then derived ty interpolation
of the resistance curves of the forevody. The resuits are
shown in figure 8 where tho lomd-resistance ratios (A/E)
of the forebody amé tkhe co—pleto model are cowpared. It
1g evideat from these curvos that the forebody had con-
slderably lower velues of A/R than did the complete
model. The indlceticnse are that the higher resistance of
model 160D-2 was largely dne to tkhe 1inefficlent forebody.

Model 1i60%-1 - reslagtance.- In order to ovteiln vetter
reglagtarce characterigstics than tlhose cf model 160D-2,
model 1608-1 waz aspembled. (Yee fig. 5.) The planing
surface provided as a forsbody for thls model 1p extremely
efflclent ard 1t 1s believed that beccuse of 1tg pointed
tralling edge it can be i1ncorporated into a hull that
will have & lower alr drag than a hull uging a planlag
surface with a sguare tralling odge. Thls modsl wes test-
ed froe to trim ard at sufficlent fixed trims to determine
approzirately the minimum reslstance curve. The resuits
are shown in figure 3 vhere the resisvancs ls comfarcd
with tkat of hull A at the same load coefficlents. Only
in the highast part of the speed range 41l the free-to-
trim reslatance of model 150E-1 depart sufficlentily from
the minimun respilgtance to werrent the imeluslon of the
minimum resistance curve here.

The hump resistance of model 1803-1 when free to trim
was conglderetly less tlen tke mirimum hump reglstence of
the conventional fiylng-boat hull. At gpeeds juat beyond
the huup, huil 4 tad a slightly lower reslstance. The
mizimum reslestance of model 1&80E8-1 in thls reglon wag not
greatiy different from that of hull 4, but the resistance
1g rot usually critical in thlg speed rarge. At high
speeds, model 160E-1 had legs reslsgtance than hull A.




} In figure 10 the load-~resietance ratios of the fore-
body of nodel 160E~1 and the complete model are compared.
The- curve- for the forebody was obtained in the same manner
uged to get the E ratios of the forebody of model
160D-2. At the hump speed the values of A/R for both
the forebody and the complete model are conglderabdly
greater than those that have been obtalned in the NACA
tanksg from any conventlonal flylng-boat hull at the load
coefficient tested. The forebody is less efficient than
the afterbody except in & narrow range near the hump speed.

The low roesistance obtained at the hump ig believed
to be largely Gue to the efficlency of the forebody that
wvag used. The forebody of a prectical flying boat cennot
be made thig efficie:..t because the bow must be phaped for
gseaworthiregss and clean running without increasing exzces-
selvely the length of the fcrebody; the curved bduttocks
that result from these reculrements produce a gurface
that is inferi.r for planing to one with straight outtocks.

At high speeds, however, the reduction in resistsnce
ig an inunerent characteristic of the hull with & planing
tall. Thoe resistance of a converntional flying-bcat hull
in thls region 1s ugually lncreased ty "afterbody inter-
ference,"” a coudition in vhich the nfterbody is struck by
gpray from the forsbody in such a manrer that resistsnce
ig added wlthout a ccmparable incresse in 1ift. This con-
ditlon conld nol be obtained with model 160E~-1 and at high
epeeds when the trim was ilncreased urtil the tail came
into the water (at mbout 792 trim) the tail ected as a very
effective planing gurface.

The resistance of the planing gurface used as A fore-
body 1n thesge *ests 13 compared in figure 11 wlth that of
a planing surface that has a square trailing edge. 1In the
curve for the surface with a gguare trallling edge the ailr
draz of the model (obtalned from tare moasvrements) has
been added to the values of resistance taken from refer-
ence 2 1n order to make them comparable to those of the
present tests. Although the methode used in correlating
the two tynes of planing surfacoes are subject to some in-
accuracles, fizure 1l indicates that, other things being
equal, there should be no arpreciable peanalty in reslst-
ance resulting from the uge of a forebody with a pointed
stern.

Trim and trimming moment.- The trimg obtained in the
free-to-trim tests (fig. 9) veried over a small renge up
to speeds of about 34 feet per second and for most of this




reglon they were close to the trim for minimum registance
of both the compleve model and the forebody. At speeds
beyond 34 feet per second the trim decressed rapidly.
When the model was at rest the trim was determined by the
relation hetween the conter of gravity and the buoyarcy
of the submerged parts. At the hump speed the tail rode
on the high roach that followed the forebody and it was
the Lelght of thls rcach thst ¥ept the trim down. As the
speed was lncreased. the roach moved aft urtil ite crest
was bealnd the model and the tall rode on the forward
slope of the roach thus causing tne trim graduslly to in-
creace. The trim continned to iancrease with speed up to
30 feet ner socord at which point the tall was riding on
the water shend of the romch. The decrease iz trim after
this was causged by tks plening characteristice of the
forabody, the resultent forcas vector of the forebody moved
aft until 1t paeegeld throngkh the center of gravity, and
the tall raturally clearsd the vatsr at that spesed.

In figure 12 the trimming momants of model 16CE-1
erd hull A ars compsred at egual loesd coefficlents. The
carves show thet for a giver range of availeble coatrol
moments a greater range nf trimeg conuld be obtalned with
hull A then with model 150E-1. It is5 significant, howsever,
that in tue case of model 160%X-1 tiae trimsg for minicum
regletanze 1lis in the range orf trims for which the trim-
ming moments of model 160E-~1 are small. Nct only world
the rilot te able to hold guch = hull at its best attitude
but, over & considerable portion of the teke-off run, he
wo1lé bte preveuted from trimming the craft at trims greatly
different from thls attitude.

Longitudinel gtabilily.- The results of the attemrdt
to determine the longitudinal stabllity limits for model
160k-1 are given in figure 13 wrere the complete curve for
the lower limit of stabllity 1s shown together with as
ruch of the upper limit ar could be obtalned with the
facllities that were available. Becsuse low-nagle
porpoising 1s a phenomenon peculiar %o a single planing
surfece, thisg type of instability doesg not occur until
the model reaches a speed et which the tail is clear.
With model 150Z-1 the tail did not clear until utout 75
percent of get-eway ppeed wes revached. The afterbody of
a conventional kull with o slailar 3peed coefficient at
get-away would normally clear the water at approximately
50 percent of get-away speed. Although the occurrence of
low-angle porpolsing in model 160E-1 was thus poetponed
until a relatively high speed was reached, the lower trim




limit was rather high. The tendency for a planing surface
of thig type to have a lower trim limlit thet ig higher
than usval wag B2lso found in reference & and this tendency
1s belleved to be characterisgtic of planing surfaces the
.trailing ecdges of which have plan forms similar to that of
model 160E-1.

Becausge of the extremely large trimming momentsg re-
quired to increage trim when the tail of the model was in
the water, a determination of the upper limit of stebility
was not feasible except 1n the very highest part of the
speed range. (See fig. 13.) Although the gimplified
model (no wing or power, indefinlite moment of inertia, etc.)
would probably not indizate the motion that would be ob-
tained in an actuval flying boat, it is notable that when
porpoleging did occur et tke high trims it wag very mild,
the modsl usually oscillating nec aore than 1/2° in trim,
Attempts to increase the geverity of thlsg motion by arti-
ficlaully distu:ving the model were unguccessful. The up-
per limit was found to be practlically the same when deter-
rined by incrsasing the trim until an unstable region was
reached or by decreasing the t-in from this rogion until
the nodel tecame stalle agein. Because of the very large
trimminzg moments that wonld bs required to reack the crit-
ical trim, i1t 1 doubted that high-arngle porpoising could
be obtained in en actual flying boat with thls type of
hull except nsar get-sway speed.

Ingufficient depth of step has been tlhe cause of a
form of longltudinal ingtability encountered in a number
of flying-boat degigns. Tklisg instabillity usually occurs
at high apeeds and is particularly notlceable in landings.
The planing-~tail hull could, of course, not have this
difficulty.

Directional gtability.- No tests were made specifi-
cally to check the directional stabdility. Models with the
cugtomary pointed afterbodies have, howevéar, upually sghown
a tendency to be directionally unstable in the low-gpeed
range when tested with the towing gear used in the prement
tests and this tendency has been found in the full-glsge
alrcraft. Although rodel 160X-1 ran gtable in direction
throughout the tests, difficulties wlth directioral gta-
bility may limit the region in which the chlines can be
removed from the tail.

Iirectionsl 4ingtability has also been foand at high
gspeeds in conventional flying boats in both take-offs and
landings. It occurs when the trim 1s low and hence when
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the wotied length ahead of the center of gravity is loang.
Low-trim landlings are made in order to avoid longitudinal
ingtability (in some cases due to shallow steps). Low-
trim take-offs are wade for the same reason and also to
avoid the high resirstance caucred by spray strliking the
afterbody. It 1g beli=vcd that if flying boats are so
made thet there 1s no reason to avold reesgonabdly high
trims, lendings and taikxe-offs will hablitually te made st
higher trimg end directional instabllity at high gpeed w—ill
be generally reduced. A hull having the chasractoristics
of model 160E-1 could be taken oZf or landed stably at ap-
proximately 7° trim with minirum reslstance. Perhaps with
this type of hull landings at even higher trims would Dve
adventageous; the tall vould thus te set down first or
simultaneously with the forebody. The feasibllity of tkig
type of lending would depend on the longltudiral-stability
cheracteristics of the seaplane as well &as on the loads
impoged on the structure of the tail.

Sorey.~- The forebody of uodel 160E-1l carried a smaller
proportion of the total load than ig carried ty the fore-
body of & conventioral huvull. ULDifferences 1ua srray thrown
by the forebodleg of thisc trpe of hull end the usual type
siould then be in favor of tne vlaring tall 1f there were
no difforencus in trimz. The higher trimsg lnherent at low
speeds in a hull with a planlng taill should reduce the
vpoagibilitlies of spray *troudles in this regilon.

It mignht be expected that the teil surfaces on plarcing-

tsil hulls would be subject to more sorsy than tncse o2
conventlonal hulls end spray consliderations might 1limlt the
reglon ir which the chines could be removed from the tall.
T7in vortical fins would probably be impraciicable on a
hull of thls type, but it 1s telieved that 1f a single ver-
tical iin were uged, no great difficulty would be experl-
enced in locatlng tkhe tail surfacec in on eflectivTe Dogi-
tion at which they would be reasonably clear from the spray.
Many conventilonal flylug toats pass tiarough a regiorn in
witich the roach strlikes the tai1l, and under svch ccnditions
t would probably be better for the roach to strike a plan-
ing surface As 1n mocdsel 180E-1 trhan to strike the rounded
tail extenslons comronly used.

Potentlalities Izdicated by Tests

T7in planing tallg.- The information ovtained from the
tests of the model simulsting the arrangement with twin
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pPlaning tallg wes too meager to be of much assistance in
evaluatling the popsitilities that it may have. The tests
indicate that puch an arrangesment would probably have a
higher .water regigtance than a-.coanventional hull but, if
it could he depigned to give lower alr drag, the increaged
replptance would be acceptable in a craft designed for
high performance where conglderable power would be avail-
able for teke-off. The gtructural problems involved will
provably determine the feaglbility of thig arrangement.

Single plening teil.- The tests indicate that the
hull with a single planing tall may provide some definite
improvements over the conventilonal flying-Poat hull.

It 1 evparently possible to deslgn a flylag-boat
hull of tihis type that will heve all of the following de-
sirable characteristics:

l. Hump resietance at least es low A3 that of a con-
ventlonal tull having a comparsble forebody

2. Repgigtauce at high gpecds Appreciably less than
can bte obtvalned from a conventionel hulil

4. Reptricted depertures from tiae trimeg for minlimum
regigtance throughou* the firgt part of the take-ofl run

4., Trirsg for minimnm repistence obtaluoeble with rsa-
gonable coantrol morents in the last part of the take-off
run

b. Sveed at whizch low-angls vorpoising begins grueter
than is found i1a conventional hullg

6. Blimination of difficulties of the types that re-
quire ventilation of the gtep to remedy then

There are indications that it may alpo be possible
to design guch a hull with the following characteristics
in addition to those lipted above:

l. High~angle-porpoising characteriptics imrproved

2. Bow cpray at speeds below the hump Ilmproved

4. Directional-stability characteristics improved

4. A gimplification 1ua the techniqgue of pviloting in
take-offes and landings
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Proper asdjustment of the provortions of a hull of
thisg type should make it possible to effect desired im~
provemenis with no more sacrifice in other gualities than
is upually made in the compromiges that obtain 1in the de-
glgn of a huli. Yor instance, aun increase in the upper
"trim limit for longitudimal stabillty could be obtained
by eithor moving the tail up or making i1t ghorter. If
the teil were moved up the trim would be increaged at all
speeds at which the taili is in the wator (in particular
at the hump speed). Whether the unmp resistance wounld
thug be incrceased or decreasged would depend on ths value
of the best trim for the forebody at that speed. Best
trim for a forebod; charges little with load when the
ratio of load coefficient to Forebody lerngth ig smell but
increages rapidly with load when thlg ratio isg large. In
tae cage of tlue models tested the trlim at the hump speed
wag sevoral degrees less than that normally obtained. If
the upmer limit were moved uvp by shortening the tail, the
trim at the hump speed would not necegsarily be apprecia-
bly increased, but the speed at which low-anzgle porpoising
could gtart would be decreassad.

Reasonabie charnges in the tail, however, would not
affect the high-gpeod resistance 2s do sirilar changes in
the aftertody of a conventional hull.

Somoe disadvantages in the planing-tail hull are ap-
perent. Tne following are some of the digadvantages that
may te found:

l. High trimg at rest (The difficultieg that would be
encountered vocauge of thig festure are no worse than thosge
peculiar to a landplane with a conventionzl isnding gear,
but they would perhaps be more of a disadvantage because
geaplanoy are frequently left moored during high winds. It
would, of course, be possible to provide inflatable tail
supports to hold the tall up whea the seaplane ig moored.)

2. Structurael difficulties that may be caused by the
great distance from the center of gravity at which the
water loads would bes appiied to ths tail

4. Difficulty in digrosing of weights so that the
ceanter of gravity would be sufficiently far aft (This dif-
ficulty would be more pronounced in gmall seaplanes than
in large ones, because in large seaplanesg tho taeil would
be deep enough to be usable for cargo or personnel.)
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4. Restrictions in the design of tall surfaces be-
cause of theilr proximlty to the water

b. Varlations in water performanée with.chﬁhgéé in
load that might be greater than normal because of varia-
tlons in the he}ght of the roach on which the taill rides

6. An 1increase 1in the trim at which low-angle porpoils-—-
ing can occur (unless the forebody were made without the
pointed gtern, in which case the alr drag would probably
be increased)

Thore 1s probabdly no single improvement more desired
for seaplanes than a reduction in ailr drag. The limited
tests that wers made gilve insufficlent data on which to
base a design study. Conseguently, an estimation of the
ai- drag of a plaaing-taill hull as compared with that of
a corventional hull 1g difficult. No doubt the potentlal-
ities of thls type of hull in this resvect wlll be largely
determined by tbhe anount of filleting tkhat can be intro-
duced between the forebody and tall and bty the distance
aft that the chineg can be eliminated.

Further ezperlments.- Furliler exploratory tests are
provided for in a prograr taonat includes the investigatlion
of the arrangement having twin tallsg and the feesibillty
of substltuting hydrofoils for the tail planing surfaces
in both the single- ard the twic-tall arrangements.

Syestematlic experlments to determine the effect of
changing the various parameters that are pecullar to the
afterbody of the hull with a single tall are also planned.
In thig program the verticel locatlon, the length, the keel
angle, the plan form, and the ‘cross sectlion of the after-
body will be varled. The gtablility characteristlcs of
the Vest cornfigurations will then be investigated by
tegtlng dynemic models.

CONCLUSIONS

From a consideration of the problems involved and
from the data obtalned in the tests that were made, the
following conclusions are drawn:

l. The arrangement using the twin planing talls can
possidly be used to advantage in the deslizn of a high-
performance seaplane in which low alr drag 1s the
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predominant conglderation; the gtructural problems involved
are, aowever, difficult and may impose serilous limitations
on the practlicablllty of the arrangement. The water re~-

sistance will probably be greater for this arrangement
than for a conventional hull.

2. The arrangement having a single planing tall may

prove to ©e ugeful becauge there are indicatlons that 1t
can be made to glve:

(a) Less reslstance than 1g obtzined from a conven-
tional hull

(b) Desiradle trims throughoit take-off
(c) satisfactory stabllity characteristics

3. Hulls wlth planing talls have the following char-
acterlgtics that limit thelr ugefulness:

(a) High trims at rest

(b) Less room for useful load aft of tkhe center of
gravity than 1g found in conventional bhullsg

(c) Restrictlons in the types of tall surfeces that
may be usged

Largsley Hemorisl Aeronautical Laboratory,

National Advisory Committee for Aeronautilcs,
Langley Field, Va.
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